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PURPOSE: To produce high strength induction-hardened shaft 
parts excellent in workability by specifying the oompsn. constituted 
of C, Si, Mn. S, Al, Ti, B, N, P, Cu. O and iron and the average 
hardness in the section. 

CONSTITUTION: This shaft parts have a compsn. contg.. by weight 
0.35 to 0.70% C. 0.01 to 0.15% Si, 0.2 to 2.0% Mn. 0.005 to 0.15% S. 
0,0005 to 0.05% Al, 0.005 to 0.05% Ti. 0.0005 to 0.005% B and 0.002 
to 0.02% N. in which <0.020% P. <0.05% Cu and >0.0020% 0 are 
limited, furthermore contg., at need, prescribed amounts of Cr, Mo. 
Ni, Nb. V. Ca and Pb. and the balance iron with inevitable impurities, 
and in which the average hardness HVa in the section defined by 
the formula (the section of the radius (a) is divided concentrically 
into (n) rings in the radial direction, and the hardness of the (n) th 
ring-shaped parts is difined as HVn. the radius as rn and the interval 
as Arn) is regulated to ^560. Thus, the shaft parts free from quench 
cracks and having about >160kgf/mm2 torsional strength can be 
obtd. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original precisely. 

2, *^^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[C!alm(s)] 

[Claim 1] As a weight ratio C :0.35-0.70%Si:0.01-0.15%Mn:0.2 - 2.0%S : 0.005-0.1 5%aluminum:0.0005-0.05%Ti:0.005 - 
0.05%B : 0.0005 - 0.005%N : 0.002 - 0.02% is contained. P Less than [ :0.020%or less Cu:0.05% ] 0 : High intensity 
induction hardening shank article characterized by the average hardness HVa in a cross section defined below by 
restricting to 0.0020% or less and the remainder consisting of iron and an unescapable impurity being 560 or more. 
The definition of the average hardness in a cross section; the cross section of a radius a is divided into radial in the 
ring of N individual concentric circular, and it is [ hardness / of the n-th ring-like part ] deltarn about m and spacing 
in HVn and a radius. It is [Equation 1] when it carries out 

[Claim 2] As a weight ratio C :0.35-0.70%Si:0.15 ** -2.5%Mn:0.6 - 2.0%S : 0.005-0.1 5%aluminum:0.0005-0.05%Ti:0.005 
- 0.05%B : 0.0005 - 0,005%N : 0.002 - 0.02% is contained. P Less than [ :0.020%or less Cu:0.05% ] 0 : High intensity 
induction hardening shank article characterized by the average hardness HVa in a cross section defined below by 
restricting to 0.0020% or less and the remaindefr consisting of iron and an unescapable impurity being 560 or more. 
The definition of the average hardness in a cross section: the cross section of a radius a is divided into radial in the 
ring of N individual concentric circular, and it is [ hardness / of the n-th ring-like part] deltarn about m and spacing 
in HVn and a radius. It is [Equation 2] when it carries out 

[Claim 3] The high intensity induction hardening shank article according to claim 1 or 2 with which steel contains 
one Crp.03-1.5%Mo:0.05-1.0%nickel:0.1-3.5% sort or two sorts or more further. 

[Claim 4] Steel is NbrO.OI - 0.3%V further. : Claim 1 containing 0.03 - 0.6% of one sort or two sorts thru/or high 
intensity induction hardening shank article given in three. 

[Claim 5] Claim 1 in which steel contains one calcium:0.0005-0.010%Pb:0.05-0.5% sort or two sorts further thru/or a 
high intensity induction hardening shank article given in four. 

[Claim 6] Claim 1 whose old austenite grain size of an induction hardening layer is more than No. 9 thru/or a high 
intensity induction hardening shank article given in five. 

[Claim 7] Surface residual stress is 2 -80 kgf/mm. Claim 1 which is the following thru/or high intensity induction 
hardening shank article given in six. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2,*^t** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is concerned with a high intensity induction hardening shank article, and 
relates to the induction hardening shank article which was excellent as a shank article which constitutes the power 
transfer system of automobiles, such as a shaft which has in more deitail the spline section shown in (a) - (c) of 
drawing 1 , a shaft with a flange, and a shaft with an outer case, and which twists and has reinforcement. 
[0002] 

[Description of the Prior Art] Although the shank article which constitutes the power transfer system of an 
automobile usually carries out fabrication of the medium carbon steel to predetermined components, induction 
hardening-annealing is given and it is manufactured, in connection with the high increase in power of an automobile 
engine in recent years, and atmospheric control correspondence, orientation of high-intensity-izing (twisting 
improvement in reinforcement) is strong. On the other hand, the steel which consists of C:0.30 - 0.38%. Mn:0.6-1.5%. 
B:0.0005 - 0.0030%, Ti:0.01-0.04%, and aluminum:0.01-0.04% is fabricated -to a drive shaft and the manufacture 
approach of the drive shaft which makes the ratio of the inductioh'hardening depth by induction hardening and a 
steel member radius 0.4 or more is showjn^athe JP. 63^-62571 ,B official report the max obtained by this invention 
material twists, and reinforcement is seen in this Fig. 1 of an official report — as — about 1 60 — kgf/mm2 it is . 
Moreover, it is 2 140 to 160 kgf/mm at materia! with the spline section by using for JP,4-218641 A the steel 
materials for high intensity shank articles of the specific component system characterized by low Si which is less 
than [ Si:0.05% ] and Mn:0.65 super-1.7 less or equals, and high Mn. It is shown that twist and reinforcement is 
obtained, realizable [ in the present condition ] as mentioned above — twisting — strong max — about 160 — 
kgf/mm 2 it is . 
[0003] 

[Problem(s) to be Solved by the Invention] However, it described above and twists and is 2 160 kgf/mm 
reinforcement The present condition is being unable to say that level on the strength is enough as level of the 
power transfer system shank article of an automobile on the strength. Moreover, when attaining high intensity- 
ization. it burns with improvement in a components production process top and workability, and control of a crack 
has been an important technical problem. On a components production process, the purpose of this invention is 
excellent in workability, and does not cause a baked crack, and is 2 160 kgf(s)/mm as components. It is going to 
offer the shank article which was excellent in more than and which twists and has reinforcement.. 
[0004] 

[Means for Solving the Problem] In order to realize the shank article which was excellent with induction hardening 
and which twists and has reinforcement, this invention persons inquired wholeheartedly and acquired the following 
knowledge. 

(1) Induction hardening material twists, and when carrying out ductile fracture of the reinforcement, it improves in 
proportion to the average hardness in a cross section defined below. When it twists and extrapolates from the 
relation between reinforcement and the average hardness in a cross section, it is 2 160 kgf/mm. In order [ which 
was excellent in more than ] to twist and to obtain reinforcement, it is required for HVa to carry out to 560 or more. 
The definition of the average hardness In a cross section; as shown In drawing 2 , the cross section of a radius a Is 
divided into radial In the ring of N Individual concentric circular, and it is [ hardness / of the n-th ring-like part] 
deltarn about rn and spacing in HVn and a radius. It is [0005] when it carries out 
[Equation 3] 

ii- I 

[0006] The above was obtained from the following knowledge. Drawing 3 is drawing having shown typically a shear 
strain and shearing stress in case a shank article twists and plastic deformation advances Inside from a surface in a 
deformation process. All over drawing, in a continuous line, shear strain distribution and a thick line show shearing 
stress distribution, and a broken line shows shear-yield-stress distribution. When torque is 1. shearing stress tau 
reaches shear-yield-stress tauy of steel materials on a front face, and plastic deformation begins. If torque twists to 
the phase of 2 and deformation advances, plastic deformation will advance inside, being accompanied by work 
hardening (the difference of the broken line and continuous line of the surface section is the amount of work 
hardening all over drawing). In addition, the dashed line in drawing is Imagination shearing stress distribution when 
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assuming that plastic deformation does not happen. In the phase of three Just before torque furthermore twists and 

causing destruction, it is thought that plastic deformation is advancing to a core mostly. 

[0007] Torque [ here as opposed to shearing stress distribution / of arbitration / tau (r) ] Mt It is given by the 

degree type (1), 

[0008] 

[Equation 4] 



M.= 2 n 



t ir) d r ( 1 ) 



0 



[0009] Shear fracture stress taumax on the appearance which assumed the elastic destruction which generally 

twists on the other hand and is used as a strong index It asks by the degree type (2). 

[0010] 

[Equation 5] 

r = 2M, 



4 



r (r) r*dr 



\ X , {r) r* d r (2) 



0 



[0011] Since the shearing stress distribution at the time of destruction is mostly in agreement with shear-yield- 
stress distribution so that clearly from drawing 3 if it assumes that the amount of work hardening is small, since 
steel materials are inside and a high carbon martensltic stainless steel, the shearing stress distribution at the time 
of destruction is tauf as a function of hardness distribution. It can approximate with (r) =K1 and HV (r). 
[0012] 
[Equation 6] 



\ HV {r) r a r (3) 



[0013] Here, a degree type (4) defines considerable hardness HVeq as an index of the hardness equivalent to 
homogeneity hardness material. 
[0014] 
[Equation 7] 

HV,^=Kt \ HV ir) r^d r (4) 



i 0 



[0015] At homogeneity hardness material, it is K2 =3 / a3 [0016] from HVeq=HV= regularity. 

[Equation 8] 

//V.,=» \ NV ir) r'd r (5) 



0 



[001 7] It is [001 8] from (3) and (5) types. 
[Equation 9] 

Tn*! =s Ki^HVfiQ • ♦ (6) 

[0019] Fairly, hardness HVeq divides a cross section into radial in the ring of N individual concentric circular, and is 
[ hardness / of the n-th ring-like part ] deltarn about rn and spacing in HVn and a radius. When it carries out it can 
approximate as follows. 
[0020] 

[Equation 10] 

HV.^^ ( ^ HV„ • r„' • A rn ) X (7> 

[0021] This was anew defined as the average hardness HVa in a cross section. Although it is the result of asking for 
and twisting the average hardness HVa about the ingredient which has various kinds of hardness distribution, and 
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arranging reinforcement by HVa. it twists and reinforcement has HVa and good correlation, and drawing 4 is 2 160 
kgf/mm. In order to obtain the reinforcement which was excellent in more than, it is clear that it is required for HVa 

to carry out to 560 or more. 

[0022] (2) — or [ however. / that the increment in strong will be saturated by destructive mode changing from 
"ductile fracture" to "the brittle fracture of an intercrystalline-crack origin" if the average hardness in a cross 
section is made to increase using the conventional material ] — or it falls on the contrary. However, if it uses 
combining the following technique, the brittle fracture by intergranular fracture will be controlled, and it twists with 
the increment in the average hardness in a cross section, and reinforcement increases. 

1) the Ti-B addition 2 — grain refming (aluminum, N optimum dose addition) of the old austenite grain by reduction 3 
carbon nitride of P, Cu, and the amount of 0 

[0023] (3) Twist and the effectiveness of an increment on the strength becomes still larger by [ which are depended 
on the above-mentioned brittle fracture control ] adding the following technique further in addition to the above. 
1) the Si increase in quantity 2 — grant [0024] of the compressive residual stress by Cr, Mo, and nickel addition 3 
hard shot-peening processing (4) Although it will burn and will lifting-come to be easy of a crack in the conventional 
material if the average hardness in a cross section of the above (1) is made to increase, it burns by taking the cure 
of above (2) and (3). and a crack is controlled. 

[0025] (5) When the workability which was excellent in the production process of a shank article is required in 
addition, workability is improved by restricting the amount of Si. This invention is made based on knowledge with 
more than [ new ], and the summary of this invention is as follows. 

[0026] Invention of claim 1 of this invention as a weight ratio C :0.35-0.70%Si:0.01-0.15%Mn:0.2 - 2.0%S : 0.005-0.15% 
aluminum:0.0005-0.05%Ti:0.005 - 0.05%B : 0.0005 - 0.005%N : 0.002 - 0.02% is contained. P Less than [ :0.020%or less 
Cu:0.05% ] 0 : It is the high intensity induction hardening shank article characterized by the average hardness HVa in 
a cross section defined below by restricting to 0.0020% or less and the remainder consisting of iron and an 
unescapable impurity being 560 or more. The definition of the average hardness in a cross section; the cross section 
of a radius a is divided into radial in the ring, of N individual concentric circular, and it is [ hardness / of the n-th 
ring^like part ] deltarn about rn and spacing in HVn and a radius. It is [0027] when it carries out. 
[Equation 11] 

[0028] Invention of claim 2 of this invention as a weight ratio C :0.35-0.70%Si:0.15 ** -2.5%Mn:0.6 - 2.0%S : 0.005- 
0.15%aluminum:0.0005-0.05%Ti:0.005 - 0.05%B : 0.0005 - 0.005%N : 0.002 - 0.02% is contained. P Less than [ :0.020% 
or less Cu:0.05% ] 0 : It is the high intensity induction hardening, shank article characterized by the average 
hardness HVa in a cross section defined below by; restricting to 0.0020% or less and the remainder consisting of iron 
and an unescapable impurity being 560 or more. The definition of the average hardness in a cross section; the cross 
section of a radius a is divided into radial in the ring of N individual concentric circular, and it is [ hardness / of the 
n-th ring-like part ] deltarn about rn and spacing in HVn and a radius. It is [0029] when it carries out. 
[Equation 12] 

[0030] As for claim 3 of this invention thru/or invention of 5, steel contains one Cr0.03-1.5%Mo:0.05-1.0%nicke 1:0.1 - 
3.5% sort or two sorts or more further. Further or Nb:0.01-0.3% and V : one sort of 0.03 - 0.6%**, or two sorts — 
containing — a pan — or it is a high intensity induction hardening shank article containing one calcium:0.0005- 
0.010%Pb:0.05-0.5% sort or two sorts according to claim 1 or 2. invention of claim 6 of this invention, or claim 7 — 
the old austenite grain size of an induction hardening layer — more than No. 9 it is — a pan — or surface 
residual stress -80kgf/mm2 They are claim 1 which is the following thru/or a high intensity induction hardening 
shank article given in five. 

[0031] ' . . 

[Function] Below, this invention is explained at a detail. Claim 1 is invention about the high intensity induction 
hardening shank article excellent in the final product which twists, and has reinforcement, and is excellent in 
workability in the production process of a shank article, and does not cause a baked crack. First, the reason which 
limited the component content range of claim 1 invention like the above is explained. 

[0032] Although C was an element effective in making the hardness of an induction hardening hardening layer 
increase, since it became easy to generate a baked crack while the carbide deposit to an austenite grain boundary 
will become remarkable, will degrade grain boundary reinforcement and will cause the fall of brittle fracture 
reinforcement if less than 0.35% of hardness is insufficient and it exceeds 0.70%, the content was defined to 0.35 - 
0.70%. 

[0033] Next. Si is added as a deoxidation element However, less than 0.01% of the effectiveness is insufficient. On 
the other hand, in order that Si may make material hardness high by solid-solution hardening, the addition exceeding 
0.15% degrades workability in the production process of a shank article. The content was made into 0.01 - 0.15% by 
the above reason. 

[0034] Mn is added for the purpose of improvement in hardenability. However, less than 0.20% of this effectiveness 
is insufficient On the other hand, since this effectiveness was saturated and caused degradation of the toughness 
of a final product rather when it exceeded 2.0%, that content was made into 0.20 - 2.0%. 
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[0035] Moreover, although S forms MnS in steel and it adds for the purpose of detailed-izing of the austenite grain 
at the time of Induction hardening heating by this, and improvement in machinability, less than 0.005% of the 
effectiveness is insufficient On the other hand, if it exceeds 0,15%. the effectiveness will be saturated and will 
cause lifting grain boundary embrittlement for grain boundary segregation rather. The content of S was made into 
0.005 - 0.15% from the above reason. 

[0036] Although it added as a 2 deoxidation element for the purpose of detailed-izing of the austenite grain at the 
time of induction hardening heating by aluminum combining with 1N and forming AIN. less than 0.0005% of the 
effectiveness was insufficient, and since the effectiveness is saturated and toughness was rather degraded when it 
exceeded 0.05%. on the other hand, the content was made into 0.0005 - 0.05%. 

[0037] Although it combines with N in Ti mist beam steel and is set to TiN. it adds for the purpose of reservation of 
detailed-izing of the austenite grain at the time of 1 induction-hardening heating by this and BN deposit prevention 
B by the full fixity of the 2 dissolution N, i.e.. dissolution. However, less than 0.005% of the effectiveness was 
insufficient and on the other hand, since the effectiveness is saturated and toughness was rather degraded when it 
exceeded 0.05%, the content was made into 0.005 - 0.05%. 

[0038] Grain boundary segregation of the B is carried out to an austenite grain boundary in the state of dissolution, 
and it adds making grain boundary reinforcement increase as an aim by driving out grain boundary impurities, such 
as P and Cu, of a grain boundary. However, less than 0.0005% of the effectiveness was insufficient, and on the other 
hand, since the superfluous addition exceeding 0.005% caused grain boundary embrittlement rather, it made the 
content 0.0005 - 0.005%. 

[0039] Furthermore, although N was added for the purpose of detailed-izing of the austenite grain at the time of the 
high-frequency heating by the carbon nitride deposit of AIN etc.. less than 0.002% of the effectiveness was 
insufficient and since the effectiveness was saturated with ** 0.02%, BN was formed rather on the other hand and 
reduction of Dissolution B was caused, the content was ma5e into 0.002 - 0.02%. 

[0040] On the other hand, as for P, grain boundary segregation reduces a lifting and grain boundary reinforcement to 
an austenite grain boundary, and it is twisted, is [ the brittle fracture under stress ] lifting-easy, and carries out it 
therefore reduces reinforcement Since a fall on the strength would become remarkable if especially P exceeds 
0.02%, 0.02% was made into the upper limit In addition, when it points to high intensityHzation further, it is desirable 
to make the content of P into 0.009% or less. 

[0041] Moreover, it becomes the cause of a lifting and a fall on the strength about grain boundary segregation like 
[ Cu ] P in an austenite grain boundary. Since a fall on the strength would become remarkable if especially Cu 
exceeds 0.05%. 0.05% was made into the upper limit 

[0042] Furthermore, in steel, hard acid ghost system inclusion is formed and O twists grain boundary segregation 
while causing lifting grain boundary embrittlement is [ the brittle fracture under stress ] lifting-easy, carries out it 
and causes a fall on the strength. Since a fall on the strength would become remarkable If especially 0 exceeds 
0.0020%. 0.0020% was made into the upper limit 

[0043] Next an induction hardening shank article consists of the above-mentioned component, and the reason 
which the average hardness HVa in a cross section defined above made 560 or more is explained below. Induction 
hardening material twists and reinforcement improves in proportion to the average hardness in a cross section. 
160kgf/mm2 In order [ which was excellent In more than ] to twist and to obtain reinforcement, it is required to 
make average hardness HVa in a cross section or more into 560, less than [ it ]. it twists and reinforcement runs 
short. From the above reason, the average hardness HVa in a cross section carried out to 560 or more, in addition, 
the ratio of the effective-case-depth-hardended-by-carburizing-treatment t and the components radius r based on 
the induction hardening hardening layer depth measuring method specified by JISG0559 although especially the 
hardening layer depth is not limited in this invention — it is desirable to set t/r to 0.3-0.8. This improves so that the 
torsional strength of induction hardening material makes the induction hardening depth deep, but since surface 
compressive residua! stress will decline if the improvement effectiveness in torsional strength of effective case 
depth hardended by carburizing treatment is small and it exceeds 0.8 less than by 0.3 by t/r, it is to burn by the 
shank article production process and for the danger of crack generating to increase. 

[0044] Next, claim 2 is invention about high high intensity induction hardening shank article with the much more final 
product which twists, and has reinforcement, and burns by the production process, and does not cause a crack. 
Using the steel which contains Si:0.15 -2.5% and Mn:0.6-2.0% by claim 2 invention is based on the following 
reason. 

[0045] Si adds as a 2 deoxidation element for the purpose of crystal stressing by the carbide deposit control to 1 
austenite grain boundary. However. 0.15% or less of addition of the effectiveness of crystal stressing was 
inadequate, and on the other hand, since the superfluous addition exceeding 2.5% caused grain boundary 
embrittlement rather, it made the content 0.15 ** -2.5%. In addition, in order to attain much more high intensity- 
ization. 0.4% or more of Si addition is desirable. 

[0046] Mn is added for the purpose of detailed-izing of the improvement in 1 hardenability, and the austenite grain 
at the time of 2 induction-hardening heating by forming MnS in steel, and improvement in 3 machinability. However, 
when [ higher ] it twists and being pointed to reinforcement less than 0.60% of addition is inadequate. On the other 
hand, as for Mn, grain boundary segregation reduces a lifting and grain boundary reinforcement to an austenite grain 
boundary, and it is twisted, is [ the brittle fracture under stress ] llfting-easy, and carries out It therefore reduces 
reinforcement Especially this inclination becomes remarkable at 2.0% or more. The content of Mn was made into 0.6 
- 2.0% from the above reason. 
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[0047] Claims 3 are the steel materials for shank articles which attained much more high intensity-ization by brittle 
fracture prevention by the grain boundary increment on the strength by starting grain boundary segregation by Cr. 
Mo, and nickel addition to the increment in the induction hardening hardness by improvement in 1 hardenability. the 
increment in the hardening layer depth, and 2 austenite grain boundary, or the toughness improvement near the 
grain boundary. However, as for this effectiveness, less than [ Cr:0.03% ]. less than [ Mo:0.05% ], and less than 
[ nickel:0.1% ] are inadequate. On the other hand, this effectiveness is saturated by super-** Crl.5% *♦. Mo:1.0% **. 
and nicket:3.5%. and such superfluous addition is not desirable from a viewpoint of economical efficiency. These 
contents were made into CrO.03-1.5%, Mo:0.05-1.0%. and nickehO. 1-3.5% from the above reason. 
[0048] Claim 4 is the steel materials for shank articles which attained high intensity-ization by increasing the 
hardness of a core part by 2 precipitation strengthening while it makes detailed further the austenite grain at the 
time of 1 high-frequency heating and prevents intergranular fracture. Nb and V form carbon nitride in steel, and 
have the effectiveness of making the austenite grain at the time of high-frequency heating making it detailed, and 
the effectiveness of making the hardness of a core part increasing by precipitation strengthening. However, the 
effectiveness has [ V content ] Nb content insufficient less than 0.03% less than 0.01%. On the other hand, the 
effectiveness is saturated with ** and V:0.60% ** Nb:0.30%, and such superfluous addition is not desirable from a 
viewpoint of economical efficiency. These contents were made into Nb:0.01-0.3% and V:0.03 - 0.6% from the above 
reason. 

[0049] Claim 5 is invention about the high intensity induction hardening shank article excellent in the final product 
which twists, and has reinforcement and is excellent in workability in the production process of a shank article, and 
does not cause a baked crack. One kind of calcium and Pb and two sorts can be made to contain for the purpose of 
the improvement in machinability in this invention steel. In addition, calcium has not only the improvement in 
machinability but the effectiveness of combining with P in steel, generating phosphide, reducing the amount of grain 
boundary segregation of P, and making grain boundary reinforcement increasing. However, less than 0.05% had [ less 
than 0.0005% and Pb content / these effectiveness ] insufficient calcium content, and since such effectiveness is 
saturated with calcium:0.01% ** and Pb:0.50% ** and toughness was degraded rather on the other hand, these 
contents were made into calcium:0.0005-0.010% and Pb:0.05-0.5%. 

[0050] Next, claim 6 is the shank article which made detailed further the austenite grain at the time of high- 
frequency heating, and attained high intensity-ization by intergranular fracture prevention. Although the brittle 
fracture by intergranular fracture is controlled by detailed-ization of the old austenite grain boundary of an induction 
hardening layer, the grain size number of the old austenite grain size of the induction hardening layer of an induction 
hardening shank article having considered more than as No. 9 in this invention is .because this effectiveness is small 
less than in No. 9. " 

[0051] Claim 7 is the shank article which gave big compressive residual stress to the front face of an induction 
hardening shank article, controlled the brittle fracture by this, and attained much more high intensity-ization. It sets 
to this invention and the residual stress of the front face of an induction hardening shank article is 2 -80 kgf/mm. A 
brittle fracture is controlled by grant of compressive residual stress, having considered as the following twists, 
reinforcement increases, and, for the effectiveness, surface residual stress is 2 -80 kgf/mm. It is because it 
becomes remarkable especially below. 

[0052] Which conditions are sufficient as long as rt does not limit especially the induction hardening conditions and 
tempering conditions for manufacture but is satisfied with the induction hardening shank article of this invention of 
the requirements for this invention here. For example, if the requirements for this invention are satisfied, it is not 
necessary to perform tempering processing. Moreover, if satisfied with this invention of the requirements for this 
invention, heat treatment of normalizing, annealing, spheroidizing, hardening 1 annealing, etc. can be performed if 
needed before induction hardening. In addition, when not performing normalizing, annealing, and spheroidizing before 
induction hardening, it is desirable to perform manufacture by hot rolling of a steel-materials material after finishing 
temperature:700-850 degree C and finishing rolling on the average cooling ratefl.05-0.7 degree-C/second 
conditions of a 700-500-degree C temperature requirement. 

[0053] Moreover, grant of the compressive residual stress in the induction hardening shank article of this invention 
has the effective hard shot-peening processing by the strength beyond arc height l.OmmA after induction 
hardening-annealing. Here, arc height is the index of the strength of shot peening as carried by "automobile 
technique, Vol.41, No.7, and 1987. 726 - 727-page.'' However, which conditions are sufficient, as long as it does not 
limit especially the conditions of grant of compressive residual stress but is satisfied with this invention of the 
requirements for this invention. Below, an example shows the effectiveness of this invention still more concretely. 
[0054] 

[Example] The steel materials which have the presentation of Tables 1-3 were rolled out to the steel bar of 
40mmphi. the drill perforation test piece for machinability evaluation from this steel bar — it twisted and the test 
piece and the baked crack sensitivity evaluation test piece were extracted, the maximum velocity from which 
evaluation of machinability is 0.33mm/s in feed rate, various peripheral speed of a drill (quality of the material: 
SKH51-phil0mm) is changed, it asks for the total hole depth which becomes drill cutting impossible in each rate, a 
peripheral-speed-drill life curve is created, and a drill life is set to 1000mm — VLIOOO ** — it specified and 
considered as the valuation basis of machinability. It is VLIOOO to Tables 1-3. An evaluation result is shown 
collectively. It turns out that especially the 5th invention steel that machinability is relatively excellent in compared 
with the steel materials whose steel materials which are Si:0.01-0.15%. such as the 1st invention steel, are Si:0.15 ** 
-2.5%, such as the 2nd invention steel, and contains the improvement element in machinability is excellent in 
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[0058] Next, the target shank article has application collection CHUBU ENGINEERING CORPORATION (- notching 
section) like the spline section, and destroys it in this notching section. Therefore, evaluation on the strength needs 
evaluation by material with notching. Then, it twisted, and as a test piece for evaluation on the strength, by ^ 
lOmmphi, the parallel part has had tip R0.25mnri and notching with a depth of 2mm in the center section, lacked, 
attached for them and twisted them in it, and used the test piece. 
[0059] 
[Table 4] 
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[0060] Induction hardening was performed on condition that A-C shown in Table 4. and it annealed on the conditions 
of 170 degree-Cx 1 hour after that, h examined by twisting about these samples. In addition, about some samples, 
shot-peening processing was performed on condition that arc height 1.0-1.5mmA after induction hardening- 
annealing. Moreover, in order to evaluate baked crack sensitivity, induction hardening was performed on condition 
that D shown in Table 4 using the test piece which has tip R0.25mm and notching with a depth of 3mm in a 
longitudinal direction by diameter 24mmphi and die-length 200mmU and the existence of the baking crabk of a 
notching bottom was observed. 

[0061] Steel No.1-44 of Tables 1-3 are this invention steel, and steel No.45-63 are comparison steel. Tables 5-7 — 
each steel materials — twisting — an on-the-strength evaluation result — the ratio of effective case depth 
hardended by carburizing treatment and a radius — it is shown in accordance with old austenite grain size Ngamma 
of t/r, average hardness HVa in a cross section, and an induction hardening layer, surface residual stress, and the 
evaluation result of baked crack sensitivity. In addition, effective case depth hardended by carburizing treatment is 
the effective case depth hardended by carburizing treatment based on the induction hardening hardening layer depth 
measuring method specified by JISG0559. 
[0062] 
[Table 5]. 
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[0065] Each steel according to this invention method so that clearly from Tables 5-7 is 2 160 kgf(s)/mm. It twists, 
and has reinforcement and it turns out also with small baked crack sensitivity that more than was [ the thing ] 
excellent Moreover, in this invention method, relative more high level twisted compared with the example of 
invention using the steel materials which are SiK).01-0.15%, such as the 1st invention steel, and Mn:0.2-2.0%, and the 
example of invention using the steel materials which are Si:0.15 ** -2.5%, such as the 2nd invention steel, and 
Mn:0.6-2.0% has attained reinforcement or the old austenite grain size of an induction'hardening layer is furthermore 
more than No. 9 — a pan — or surface residual stress -80kgf/mm2 When it is the following, it turns out that higher 
level twisted and reinforcement is attained. 

[0066] On the other hand, the examples 3C. 7C. 13C, 18C, 25C, 31C. and 41C of a comparison are the cases where 
the average hardness HVa in a cross section is less than 560. and all are 2 1 60 kgf(s)/mm. More than twists and 
reinforcement is not attained. The example 50 of a comparison is the case where the content of S is less than the 
range of this invention, and is 2 160 kgf/mm. Although more than twists and it has reinforcement as shown in Table 
3, machinability is inferior in steel No.50. 
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[0067] The examples 45, 48, 53. 55. and 57 of a comparison are the cases where the content of C, Mn, Ti. B. and N 
is less than the range of this invention. Moreover, the examples 46. 47, 49. 51, 52, 54. 56. 58, 59. 60, 61. 62, and 63C 
of a comparison. It is the case where the content of Si. Mn. S. aluminum, Ti. B, N. P, Cu, 0, calcium, and Pb exceeds 
. the range of this invention. All are 2 160 kgf(s)/mm. More than twisted, and reinforcement was not attained and the 
baked crack has occurred in examples of a comparison, such as steel materials with the inadequate cure against 
crystal stressing of the part in this. 
[0068] 

[Effect of the Invention] If this invention method is used as stated above, it will be 2 1 60 kgf/mm. Manufacture of 
the induction hardening shank article which was excellent in more than and which twists, and has reinforcement and 
does not cause a baked crack is attained, and a very remarkable thing has the effectiveness on industry. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is drawing in which the shaft which has the serration section, and (b) showed the shaft with a flange, 
and (c) showed the shaft with an outer case. 

[Drawing 2] Drawing in which being drawing for explaining the definition of the average hardness in a cross section, 
and showing the condition of having divided the cross section into radial in n rings concentric circular 
[Drawing 3] Drawing having shown typically a shear strain and shearing force in case a shank article twists and 
plastic deformation advances inside from a rear face in a deformation process 

[Drawing 4] Drawing in which twisting with the average hardness (HVa) of various ingredients, and showing relation 
with reinforcement 

[Description of Notations] i * 

10 Shaft ^ " ' 

1112 Serration 

20 21 Shaft 

22 Flange 

30, 31, 32 Shaft 

33 Outer Case Section 



[Translation done.] 
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